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pilot feature of a first shait of a second generator with a
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second predetermined reference point located at a position
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axis 1n another direction, based on the calculated angular
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ADJUSTABLE GEAR POSITION
ARRANGEMENT FOR SYNCHRONIZATION
OF MULTIPLE GENERATORS

CROSS-REFERENCES TO RELAT
APPLICATIONS

L1

D,

This 1s a conftinuation-in-part of application Ser. No.
10/994,900, filed Nov. 22, 2004.

BACKGROUND

This inventive subject matter generally relates to gear
arrangements for synchronization of multiple generators and
more specifically to adjustable gear arrangements having a
two-splined shait and a helical gear for coarse and fine adjust-
ments for synchromizing the drive shafts of multiple genera-
tors.

Engines having multiple, gearbox-mounted generators
often require the generator drive gears 1n the gearbox to be
phased to the generator rotor position for etficient delivery of
generated power. The multiple generators are driven through
a series of gears that allow increasing engine output speed to
the necessary generator input speed. Each individual genera-
tor stator has to be 1n precisely the same position relative to its
rotor as all the other generators. This requires all the gears in
the drive train to be synchronized as well since they are
connected to the generators.

Most of the gear arrangements and methods of synchroni-
zation of multiple drive shaits of the prior art require synchro-
nization ol the drive shaits during actual operation of the
engine. This can be time consuming and difficult, especially
when more than two rotating shafts are involved. For
example, U.S. Pat. Nos. 3,939,723 and 4,207,815 describe a
gear arrangement utilizing the relative axial position of heli-
cal gears to adjust relative circumierential position of two
rotating shaits during operation of a motor. Neither gear
arrangement from either patent allows for synchronization of
the rotating shatts prior to engine operation, nor do they allow
for synchronization of more than two rotating shafits.

As can be seen, there 1s a need for a gear arrangement that
allows for synchromization of rotating drive shafts prior to
engine operation, particularly during manufacture of the
engine. There 1s also aneed for a gear arrangement that allows
for the synchronization of multiple drive shatts, particularly
greater than two drive shafts, without requiring precision
manufacturing of gear teeth elements relative to generator
driveshatt splines.

SUMMARY

In an embodiment, by way of example only, there 1s pro-
vided an adjustable gear arrangement comprising a two-piece
splined shafit, the two-piece splined shaft comprising an inter-
mediate shaft comprising an internal spline; a drive gear shait
comprising a generator drive gear; a fine pitch spline com-
prising external spline teeth on the intermediate shaft and
internal spline teeth on the drive gear shaft, the fine pitch
spline connecting the intermediate shaft and the drive gear
shaft; and a generator drive shaft, the generator drive shafit
connected to the intermediate shaft through the internal
spline.

In another embodiment, by way of example only, there 1s
provided an adjustable gear arrangement comprising a two-
piece splined shaft comprising an intermediate shaft compris-
ing an 1internal spline; a drive gear shaft comprising a genera-
tor drive gear; a fine pitch spline comprising external spline
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2

teeth on the intermediate shaft and internal spline teeth on the
drive gear shafit, the fine pitch spline connecting the interme-
diate shait and the drive gear shaift; a generator drive shatt, the
generator drive shaft connected to the intermediate shaft
through the internal spline; an 1dler gear, the 1dler gear engag-
ing the generator drive gear; an input gear, the mput gear
engaging the 1dler gear; and an engine quill shaft, the engine
quill shait driving the input gear.

In a further embodiment, by way of example only, there 1s
provided an adjustable gear arrangement comprising a two-
piece splined shafit, the two-piece splined shaft comprising an
intermediate shait comprising an internal spline; a drive gear
shaft comprising a generator drive gear, wherein the genera-
tor gear drive comprises drive gear teeth; a fine pitch spline
comprising external spline teeth on the intermediate shaft and
internal spline teeth on the drive gear shaft, the fine pitch
spline connecting the intermediate shaft and the drive gear
shaft, wherein the fine pitch spline has from about 1 to about
20 more external spline teeth and from about 1 to about 20
more 1ternal spline teeth than the generator drive gear has
drive gear teeth; a generator drive shait, the generator drive
shaft connected to the intermediate shaft through the internal
spline; an 1dler gear, the idler gear engaging the generator
drive gear, wherein the 1dler gear comprises idler gear teeth
and wherein the number of drive gear teeth of the generator
drive gear 1s divisible by a first prime number and the number
of 1dler gear teeth of the idler gear are divisible by a second
prime number; an 1nput gear, the input gear engaging the idler
gear; and an engine quill shaft, the engine quill shait driving
the mput gear.

In yet another embodiment, by way of example only, there
1s provided a gearbox comprising an adjustable gear arrange-
ment, the adjustable gear arrangement comprising a two-
piece splined shafit, the two-piece splined shaft comprising an
intermediate shait comprising an internal spline; a drive gear
shaft comprising a generator drive gear; a fine pitch spline
comprising external spline teeth on the intermediate shait and
internal spline teeth on the drive gear shatt, the fine pitch
spline connecting the intermediate shaft and the drive gear
shaft; a generator drive shait, the generator drive shaft con-
nected to the intermediate shatt through the internal spline; an
idler gear, the 1dler gear engaging the generator drive gear; an
input gear, the mput gear engaging the idler gear; and an
engine quill shaift, the engine quill shaft driving the input gear.

In another embodiment, by way of example only, there 1s
provided a gas turbine engine, wherein the gas turbine engine
1s coupled to a gearbox, the gearbox comprising at least two
adjustable gear arrangements, the gear arrangements each
comprising a two-piece splined shafit, the two-piece splined
shaft comprising an intermediate shaft comprising an internal
spline; a drive gear shalt comprising a generator drive gear; a
fine pitch spline comprising external spline teeth on the inter-
mediate shait and internal spline teeth on the drive gear shatft,
the fine pitch spline connecting the intermediate shaft and the
drive gear shaft; and a generator drive shait, the generator
drive shaft connected to the intermediate shatt through the
internal spline; an idler gear, the idler gear engaging the
generator drive gear, an iput gear, the input gear engaging
the idler gear, and an engine quill shatt, the engine quill shaft
driving the mput gear; and at least two gearbox-mounted
generators, wherein the gearbox-mounted generators are con-
nected to the gearbox through the generator drive shatt.

In yet another embodiment, by way of example only, there
1s provided a method for synchronization of multiple genera-
tors 1n a gas turbine engine comprising the steps of locking an
input gear and an idler gear, wherein the input gear engages
the 1dler gear; rotating a drive gear shaft, the drive gear shaft
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comprising a helical generator drive gear and a fine pitch
spline, wherein the generator drive gear 1s engaged by the
idler gear; positioning the drive gear shait to a desired degree
of alignment with an intermediate shaft, wherein the interme-
diate shaift 1s connected to the drive gear shait through the fine
pitch spline; advancing the helical generator drive gear axi-
ally by varying a thickness of a shim to fine tune the degree of
alignment; clamping the generator drive gear 1n position; and
repeating all of the above steps above for each generator to be
synchronized.

These and other features, aspects and advantages of the
inventive subject matter will become better understood with
reference to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a cross-sectional view of a turbine engine, accord-
ing to an embodiment;

FI1G. 2 1s a partial cross-sectional view of a turbine engine
gearbox showing an adjustable gear arrangement, according
to an embodiment;

FIG. 3 1s an expanded view of a portion of FIG. 2, accord-
ing to an embodiment;

FIG. 4 1s an end view of the adjustable gear arrangement of
FIG. 2, according to an embodiment;

FIG. 5 15 a flow chart for a method of synchronization of
multiple generators, according to an embodiment;

FIG. 6 1s a cross section of a gas turbine engine, according,
to another embodiment;

FIG. 7 1s a simplified cross section of a generator, accord-
ing to an embodiment;

FI1G. 8 1s a close up view of a portion of an adjustable gear
arrangement indicated by dotted line 8 in FI1G. 6, according to
an embodiment;

FIG. 9 1s a cross-sectional view of inner and outer spline
shafts 1s depicted 1n, according to an embodiment;

FIG. 10 1s a cross-sectional view of inner and outer gen-
erator drive splines, according to an embodiment;

FIG. 11 1s a flow diagram of a method for synchronization
of a plurality of generators, according to an embodiment; and

FIG. 12 1s a cross-sectional simplified view of an engine
during a step of the method of FIG. 11, according to an
embodiment.

DETAILED DESCRIPTION

The following detailed description 1s not to be taken in a
limiting sense, but 1s made merely for the purpose of 1llus-
trating the general principles of the inventive subject matter,
since the scope of the inventive subject matter 1s best defined
by the appended claims.

Broadly, an adjustable gear arrangement 1s provided by the
inventive subject matter for the synchronization of multiple
generators driven by a gas turbine engine. Some gas turbine
engines may have multiple generators which may be mounted
on a single gearbox. For efficient power generation, it may be
desirable to synchronize the generators such that they are
driven 1n a precise parallel manner. The adjustable gear
arrangement of the inventive subject matter may allow for the
precise synchronization of the generators so that they may be
driven 1n a precisely parallel manner. The adjustable gear
arrangement may be used, for example, 1n combination with
any gas turbine engine having multiple gearbox-mounted
generators, such as the engines used in gas turbine-driven
land vehicles.

Currently in the prior art, the synchronization of multiple
generators 1n gas turbine engines and other applications may
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4

be accomplished by adjusting the relative axial position of a
helical gear. This adjustment may have to be done after the
engine 1s assembled and while the engine 1s running, which
may be awkward and time consuming. Additionally, precise
synchronization may require precision manufacturing of the
helical gears and other engine parts to properly position the
generator drive spline teeth relative to the gear teeth. The
greater the number of multiple generators, the more difficult
it may be to precisely synchronize the generators. The adjust-
able gear arrangement of the mventive subject matter may
climinate these deficiencies as 1t may allow for two-step syn-
chronization of multiple generators with a fine-tuning step
after the initial synchronization. The mventive subject matter
may provide precise synchronization for multiple generators
with a greater number of multiple generators, 1.e., greater than
two generators using a two-piece splined shait as well as the
axial adjustment of a helical gear. The adjustment of a two-
piece splined shaft in combination with the axial adjustment
of a helical gear may allow for more precise synchronization
than the axial adjustment of a helical gear alone. Furthermore,
the inventive subject matter may allow for the precise syn-
chronization of multiple generators at assembly without
incorporating excessive precision manufacturing require-
ments.

According to an embodiment, FIG. 1 1s a cross-section of a
gas turbine engine 10 where the gas turbine engine 10 may be
coupled to multiple generators 24. Gas turbine engine 10 may
be coupled to at least two generators 24, wherein all of gen-
erators 24 may be mounted on a single gearbox 12. Although
the gas turbine engine 10 illustrated 1n FIG. 1 shows four
gearbox-mounted generators 24, 1t 1s contemplated that gas
turbine engine 10 may have any number of gearbox-mounted
generators 24. In an illustrative embodiment, gas turbine
engine 10 may have six gearbox-mounted generators 24,
although more or fewer also may be included. Gas turbine
engine 10 may further comprise a gas generator 14, a com-
bustor module 16, and a turbine module 18 which are con-
nected to the generator 24 through an engine quill shait 30 in
gearbox 12. When gas turbine engine 10 1s 1n operation, quill
shaft 30 drives generator 24 through a set of gears (see, for
example, FIG. 2).

Referring also to FIGS. 2, 3 and 4, an adjustable gear
arrangement 20 for synchronization of multiple generators 24
may comprise a two-piece splined shait 21 for driving gen-
crators 24; two-piece splined shaft 21 may comprise a drive
gear shaft 23 and an intermediate shait 32. Drive gear shaft 23
and intermediate shaft 32 may be coupled through a fine pitch
spline 34. Fine pitch spline 34 may comprise external spline
teeth (not shown) on intermediate shaft 32 and internal spline
teeth (not shown) on drive gear shatt 23, enabling drive gear
shaft 23 and intermediate shaft 32 to rotate together. Drive
gear shatt 23 may further comprise a generator drive gear 22
which connects engine quill shaft 30 to the two-piece splined
shaft 21. Intermediate shatt 32 may further comprise internal
spline 36 which may couple intermediate shaft 32 with the
external spline (not shown) of a generator drive shait 40,
where generator drive shait 40 may be connected to generator
24. The external spline of generator drive shaft 40 may incor-
porate a timing feature such as a missing tooth which may
engage an extra tooth on the internal spline 36. Adjustable
gear arrangement 20 may also comprise idler gear 26 and
input gear 28, wherein mput gear 28 may engage 1dler gear
26, and 1dler gear 26 may then engage generator drive gear 22.
In one 1llustrative embodiment, generator drive gear 22, 1dler
gear 26, and input gear 28 may be helical gears.

Two-piece splined shatit 21 may allow for greater precision
in synchronization of multiple generators 24 compared to
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synchronization by alignment of generator drive gear 22
alone. Two-piece splined shaft 21 may comprise drive gear
shaft 23, where drive gear shait 23 may comprise fine pitch
spline 34. Fine pitch spline 34 may comprise a large number
of external spline teeth (not shown) on intermediate shaft 32
and a large number of internal spline teeth (not shown) on
drive gear shait 23, enabling drive gear shait 23 and interme-
diate shaft 32 to rotate together. By way of non-limiting
example, fine pitch spline 34 may have from about 50 to about
70 each external and internal spline teeth. However, more or
tewer teeth may alternatively be included. As the total number
ol spline teeth increases, the synchronization of multiple gen-
crators 24 may become more precise. Fine pitch spline 34
may be adjusted with respect to intermediate shait 32 in
synchronizing multiple generators 24 and the greater the
number of spline teeth, the more precise the adjustment. If a
single, one-piece shaft was used instead of the two-piece
splined shait 21, then this level of precise adjustment may not
be available. The number of spline teeth of fine pitch spline 34
may only be limited by the size of fine pitch spline 34, the size
of which may be determined by the size of gas turbine engine
10.

Drive gear shait 23 may further comprise generator drive
gear 22. The degree of synchronization of multiple generators
24 achievable by the inventive subject matter may be a func-
tion of the number of drive gear teeth of generator drive gear
22 and the number of spline teeth of fine pitch spline 34. The
greater the numbers of drive gear teeth on generator drive gear
22 or spline teeth of fine pitch spline 34, the smaller the
increments that either generator drive gear 22 or fine pitch
spline 34 may be moved to synchronize multiple generators
24. It will be appreciated that the smaller the increments of
movement, the more precise the synchronization ol genera-
tors 24 may be. In one 1illustrative embodiment, generator
drive gear 22 and fine pitch spline 34 may each have from
about 50 to about 75 drive gear teeth and external and internal
spline teeth, respectively. However, more or fewer teeth may
alternatively be included. As discussed above for fine pitch
spline 34, the number of drive gear teeth on generator drive
gear 22 may be limited by the size of generator drive gear 22.
In one embodiment, fine pitch spline 34 may have more spline
teeth than generator drive gear 22 has drive gear teeth. For
example, fine pitch spline 34 may have from about 1 to about
20 more external spline teeth and from about 1 to about 20
more internal spline teeth than generator drive gear 22 has
drive gear teeth. Alternatively, fine pitch spline 34 may have
from about 2 to about 5 more external spline teeth and from
about 2 to about 5 more 1nternal spline teeth than generator
drive gear 22 has drive gear teeth. In an 1llustrative embodi-
ment, fine pitch spline 34 may have about 61 each external
spline teeth and internal spline teeth, while generator drive
gear 22 may have about 59 drive gear teeth. By way of
non-limiting example where fine pitch spline 34 has 61 each
external and mternal spline teeth and generator drive gear 22
has 59 teeth, rotating drive gear shaift 23 with respect to
intermediate shait 32 by one spline tooth may result 1n an
angle change of about 5.90°. Rotating drive gear shaft 23 may
also cause generator drive gear 22 to rotate one by one drive
gear tooth with respect to idler gear 26 which may resultin a
second angle change of about 6.10°. The difference between
the two angle changes, about 0.2°, may be the angle change
for internal spline 36 of intermediate shatt 32 with respect to
generator drive shaft 40. This small change in the angle for
internal spline 36 allows for precise synchronization of mul-
tiple generators 24.

The generator speed may be established by the combina-
tion of the number of drive gear teeth on the generator drive
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gear 22 and mnput gear teeth on the input gear 28. In one
embodiment, the number of drive gear teeth ol generator
drive gear 22 1s divisible by a first prime number and the
number of 1dler gear teeth of 1dler gear 26 1s divided by a
second prime number, wherein the first prime number and the
second prime number are different. In the most basic
example, the number of drive gear teeth of generator drive
gear 22 may equal a first prime number and the number of
idler gear teeth of i1dler gear 26 may equal a second prime
number, where the first prime number and the second prime
number are different.

Adjustable gear arrangement 20 may further comprise a
shim 38 located under gear mounting flange 42 and connect-
ing to drive gear shaft 23 through a thrust bearing assembly
44. Varying the thickness of shim 38 may control the axial
position of generator drive gear 22 (see, for example, FIG. 5,
step 108). By way of non-limiting example, thrust bearing
assembly 44 1s shown 1n FIGS. 2 and 3 as a duplex bearing
assembly. However, thrust bearing assembly 44 may be of any
design, such as but not limited to, single-row, double-row or
duplex design.

It 1s contemplated that adjustable gear arrangement of the
inventive subject matter may be used 1n any application
requiring the accurate synchronization of multiple shafts
driven through a gear system, including, but not limited to the
synchronization of multiple generators of a gas turbine
engine.

FIG. 5 illustrates a method 100 for synchronization of
multiple generators of a gas turbine engine using the adjust-
able gear arrangement of the mventive subject matter. Step
102 includes locking an input gear and an 1dler gear. The input
gear may engage the idler gear and by locking both gears, they
may not rotate during the adjustment of the remainder of
gears 1n the adjustable gear arrangement. Step 104 1ncludes
rotating a drive gear shait wherein the drive gear shaft may be
rotated 1n either direction. The drive gear shaft may comprise
a fine pitch spline and a generator drive gear which may rotate
together when the drive shaft 1s rotated. Step 106 includes
positioning the drive shaft in alignment to the intermediate
shaft. The achievable alignment 1n step 106 may be a function
ol the products of the number of teeth of the generator drive
gear, the idler gear, and the fine pitch spline. Step 108 includes
advancing the generator drive gear axially. The axial position-
ing of the generator drive gear may be controlled by varying
the thickness of a shim located under the gear mounting
flange to thereby allow the generator drive gear to be adjusted
relative to the drive shatt. Since the generator drive gear may
be held against the locked idler gear while being axially
advanced, drive gear teeth of the generator drive gear cause
rotation of the generator drive gear relative to the locked idler
and 1nput gears 1n small increments. Adjusting the axial posi-
tion of the gear drive shaft and consequently, the generator
drive gear, 1s a ‘fine tune’ adjustment of the synchronization.
Finally, Step 110 includes clamping the generator drive gear
into position. Method 100 of synchronization of multiple
generators may be repeated for all of the generators until the
degree of alignment of all the generators are within the
desired tolerance. In an illustrative embodiment, the degree of
alignment for all the generators may differ by from about
+().1° to about £1.0° with respect to a rotor and stator of each
generator. Although the foregoing method 1s described for
synchronizing multiple generators in a gas turbine engine, it
1s contemplated that the method may be used in any applica-
tion requiring the accurate synchronization of multiple shaifts
driven through a gear system.

FIG. 6 1s a cross section of a gas turbine engine 600,
according to another embodiment. Gas turbine engine 600
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may be coupled a plurality of generators 602, 604, 606, 608.
In an embodiment, a first pair of generators 602, 604 may be
mounted to a gearbox 610, while a second pair of generators
606, 608 may be mounted to another gearbox 612. Although
four generators 602, 604, 606, 608 arc shown 1n FIG. 6, any
other number of gearbox-mounted generators 602 may alter-
natively be included. In an embodiment, gas turbine engine
600 may have six generators, however more or fewer may
alternatively be included.

FIG. 7 1s a simplified cross section of a generator 700,
according to an embodiment. Generator 700 may include at
least a rotor 702 and a stator 704. Rotor 702 and stator 704
may have any suitable generator configuration in which rotor
702 rotates relative to stator 704 to thereby produce power.
The power may be supplied to modules that may comprise gas
turbine engine 600. With additional reference to FIG. 6, for
example, gas turbine engine 600 may comprise a fan module
614, a compressor module 616, a combustor module 618, and
a turbine module 620, and the power may be used to rotate a
main shaft 622 to which modules 614, 616, 618, 620 are
coupled. It will be appreciated that each of generators 602,
604, 606, 608 may also be configured similarly to generator
700 depicted in F1G. 7. In this regard, during assembly, rotors
702 of each of generators 602, 604, 606, 608 may be synchro-
nized so that each may be imitially positioned at a predeter-
mined angular position and to rotate together to thereby
increase generator efficiency. Additionally, each rotor 702
may be directly or indirectly coupled to main shaft 622. In an
embodiment, each rotor 702 1s coupled to a generator drive
shaft 624, 626, 628, 630 that can be coupled to main shait 622.

In an embodiment, main shaft 622 1s coupled to generator
drive shaits 624, 626, 628, 630 or cach corresponding gen-
erator 602, 604, 606, 608 via a corresponding number of
adjustable gear arrangements 800, only one of which is
shown 1n FIG. 6. Adjustable gear arrangements 800 are con-
figured to synchronize generators 602, 604, 606, 608 so that
all of generators 602, 604, 606, 608 have substantially the
same angular orientation. A close up view of a portion of
adjustable gear arrangement 800 1n FI1G. 6 indicated by dotted
line 8 1s provided 1n FIG. 8.

Adjustable gear arrangement 800 may comprise an engine
shaft 802 for driving a corresponding generator (€.g., genera-
tor 602). Engine shait 802 may be directly or indirectly
coupled to a main shaft (e.g., main shait 622) and 1s coupled
to generator drive shaft 830. In an embodiment 1n which
engine shaft 802 i1s indirectly coupled to the main shaft,
engine shaft 802 may be a two-piece splined shait. F1G. 9 1s
a cross-sectional view of engine shait 802, according to an
embodiment. For example, according to an embodiment,
engine shaft 802 may include an inner spline shaft 804 and an
outer spline shaft 806. Inner spline shaft 804 may have teeth
extending radially outwardly from its outer surface, while
outer spline shaft 806 may have teeth extending radially
inwardly from its inner surface, which are configured to mesh
with the teeth of inner spline shait 804. As a result, inner and
outer spline shaits 804, 806 may rotate together during engine
operation. The number of teeth on the outer surface of inner
spline shaft 804 and the number of teeth on the 1nner surface
of outer spline shait 806 are equal.

Adjustable gear arrangement 800 may also comprise a
number of gears between engine shaft 802 and the main shaft.
For example, a first gear 808 may be mounted to or extend
from engine shaft 802. First gear 808 may engage a second
gear 810 that engages a third gear 812, which 1s mounted to a
portion of the main shaft. First gear 808, second gear 812, and
third gear 812 may be any one of numerous suitable types of
gears. In an embodiment, first gear 808 may be a generator
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drive gear, second gear 810 may be an 1dler gear, and third
gear 812 may be an imnput gear. In another embodiment, one or
more of gears 808, 810, 812 may be helical gears. It will be
appreciated that each of gears 808, 810, 812 engage with each
other via a plurality of teeth that extend radially outwardly
from each gear 808, 810, 812. The plurality of teeth of each
gear 808, 810, 812 may or may not be equal to a number of
teeth on either inner or outer spline shaft 804, 806. As will be
further described below, the number of teeth of one or more of
gears 808, 810, 812 may be used in a method to synchronize
generators (e.g., generators 602, 604, 606, 608).

As mentioned briefly above, engine shait 802 1s also
coupled to generator drive shaft 830. FIG. 10 1s a close-up
cross-sectional view of a portion of engine shait 802 and
generator drive shatt 830, according to an embodiment. Here,
engine shait 802 includes a number of teeth 834, and genera-
tor drive shaft 830 includes a number of teeth 838. Engine
shaft teeth 834 may extend radially inwardly from an inner
surface either from engine shaft 802 or from a gear (not
shown) on engine shaft 802. Drive shaft teeth 838 may extend
radially outwardly from the outer surface of generator drive
shaft 830 (or from a non-illustrated gear on drive shaift 830)
and may be configured to mesh with the engine shatt teeth
834. As a result, engine shaft 802 and generator drive shatt
830 may rotate together during engine operation. The number
of teeth on the engine shait 802 and the number of teeth on
generator drive shait 830 may or may not be equal. For
example, one of engine shait 802, or drive shait 830 may
include a pilot feature. In an embodiment, the pilot feature
may be a notch (not shown) between two of teeth 834 or teeth
838. In another embodiment, pilot feature may be a mark 828
(shown 1n phantom) on ei1ther one of teeth 834 or teeth 838. In
another embodiment, the pilot feature may be a missing
spline tooth 835 on the mnner shait and a filled-in space 836 on
the outer shatt.

FIG. 11 illustrates a method 1000 for synchronization of a
plurality of generators. In an embodiment, a pilot feature on a
shaft of a first generator of the plurality of generators 1s
positioned at a first angular position that 1s substantially
aligned with a first predetermined reference point, step 1002.
In an embodiment, the shait may have radially extending
teeth, such as external teeth. In another embodiment, the shaft
may be made up of a gear that may have teeth. In any case, the
shaft 1s configured to rotate 1n at least a first direction about an
axis; however, to prevent the shaft from becoming reposi-
tioned, 1t may be locked in position. For example, 1n an
embodiment, gears that are mounted to the shaft and gears
that mesh with those gears may be used to lock the shatt into
position. In an embodiment, the first predetermined reference
point may be located at a position relative to the axis that 1s
substantially equal to a predetermined angular position.

Next, a pilot feature of a first shait of a second generator of
the plurality of generators 1s positioned at a second angular
position substantially in alignment with a second predeter-
mined reference point, step 1004. In an embodiment, the first
shaft of the second generator may have radially extending
teeth, such as external teeth. In any case, the shaft may be
configured to rotate about an axis. Additionally, 1n an embodi-
ment, the second predetermined reference point may be
located at a position relative to the axis that 1s substantially
equal to the predetermined angular position.

In an example, FIG. 12 shows a cross-sectional simplified
view ol a portion of an engine after step 1004 of method 1000.
Here, a pilot feature, represented by dot 1102, of a first shaft
1104 of a first generator 1s shown at a first angular position
1106. A pilot feature, represented by dot 1108, of a first shaift
1110 of a second generator 1s aligned with a second angular
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position 1112. In thus embodiment, the first angular position
1106 1s aligned with a first predetermined reference point
1114, and the second angular position 1112 is substantially
equal to, but may not exactly be aligned with, a second pre-
determined reference point 1116. Each of the first and the
second predetermined reference points 1114, 1116 are sub-
stantially equal to a predetermined angular position. For
example, here, the predetermined angular position 1s at O
degrees, however, in other embodiment, 1t may be different.

Referring back to FIG. 11, in embodiments 1n which the
pilot feature of the first shaft of the second generator may not
be exactly aligned with the second predetermined reference
point, an angular difference may be calculated between the
first angular position and the second angular position, step
1006. In an embodiment, the angular difference 1s obtained by
measuring an actual angular position of the second shaft
using a fixture having an angular measuring feature and the
actual angular position 1s subtracted from the value of the first
angular position.

Next, a first angular increment of rotation of the first shaft
of the second generator may be calculated, step 1008. The
first angular increment represents an angular distance
between a first tooth and an adjacent, second tooth extending,
radially from the first shait or a degree of change 11 the first
tooth was moved to the position of the adjacent, second tooth.
In an embodiment, the calculation may be made by dividing
360° by a number of the plurality of teeth extending from the
first shaft. In one embodiment, the first shaft of the second
generator has 61 teeth, for example, first shait may be a spline
shaft where each of the inner and outer spline shafts has 61
teeth. In such case, 1f a first tooth 1s aligned at O degrees, the
first angular increment indicates an angle between the first
tooth and a second tooth adjacent the first tooth, which may be
about 5.9 degrees (1.e., 360 degrees/61 teeth).

A second angular increment of rotation of the second shaft
of the second generator 1s determined, step 1010. The second
angular increment represents an angular distance between a
first tooth and an adjacent, second tooth extending radially
from the second shatt of the second generator or a degree of
change 1f the first tooth was moved to the position of the
adjacent, second tooth. For example, the second angular
increment may be calculated by dividing 360° by the number
of the plurality of gear teeth. In an embodiment, the teeth
extend outwardly from a gear mounted to the second shatft.
The gear may have 39 teeth; thus, rotating the gear would
result in a change of 6.1 degrees (1.e., 360 degrees/39 teeth).

A difference 1s determined between the first angular incre-
ment and the second angular increment, step 1012. The dif-
ference represents a net rotation when the first shaft of the
second generator 1s rotated one tooth 1n a first direction and
the second shait (or gear, in some embodiments) 1s rotated
one tooth 1n a second direction opposite the first direction.
Thus, in the above example in which the first shaft has 61 teeth
and the gear has 59 teeth, the net rotation would be about 0.2
degrees.

The determined difference 1s compared with the angular
difference to calculate an angular distance value, and the
angular distance value 1s used to determine the number of
teeth by which to move the second shait of the second gen-
crator, step 1014. For example, the angular distance value
may be obtained by dividing the angular difference by the
determined difference. In an embodiment, the angular differ-
ence may be about 0.4 degrees and the determined difference
may be about 0.2 degrees. For example, dividing the angular
difference (e.g., 0.4 degrees) by the determined difference
(e.g.,0.2 degrees) 1s equal to two. Thus, the first shaft and the
second shaft (or gear, in some embodiments) may be rotated
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two gear teeth (0.4 degree/0.2 degree=2 teeth). It will be
appreciated that a tolerance may be allowed to exist such that
the pilot feature of the second shait (or gear in some embodi-
ments) may be located at an angular position that may not be
equal to that of the pilot feature of the first shaft. For example,
if an acceptable tolerance for the degree of alignment of the
first and the second generators may exist, such as a tolerance
of about £0.1°, and the angular difference 1s about 0.5 degree,
the first shait and the gear still may be rotated only two teeth.

In an embodiment in which the gear of the second shaift of
the second generator comprises a helical gear, the gear may be
moved axially relative to the first shait of the second genera-
tor, step 1016. For example, the axial positioning of the gear
may be changed by adding a shim between the first and
second shafts of the second generator. Adjusting the axial
position of the gear, 1s a ‘fine tune’ adjustment of the synchro-
nization.

The gear of the second shaft may be locked into position,
step 120. In another embodiment, steps 104, 106, 108, and
110 may be performed on a shaft of a third generator to
synchronize the shaft with those of the first and second gen-
erators.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the mventive subject
matter and that modifications may be made without departing
from the spirit and scope of the inventive subject matter as set
forth in the following claims.

We claim:

1. A method for synchronization of multiple generators in
a gas turbine engine comprising the steps of:

locking an iput gear and an i1dler gear, wherein the 1nput

gear engages the idler gear;

rotating a drive gear shatit, the drive gear shait comprising

a helical generator drive gear and a fine pitch spline, the
drive gear shait rotationally mounted on a thrust bearing
assembly and coupled to a gear mounting flange via the
thrust bearing assembly, wherein the generator drive
gear 1s engaged by the 1dler gear;

positioning the drive gear shaft to a desired degree of

alignment with an intermediate shaft, wherein the inter-
mediate shait 1s connected to the drive gear shait through
the fine pitch spline;

advancing the helical generator drive gear axially by vary-

ing a thickness of a shim to fine tune the degree of
alignment, wherein the shim 1s disposed between, and
engages, the thrust bearing assembly and the gear
mounting tlange;

clamping the generator drive gear in position; and

repeating all the steps above for each additional generator

to be synchronized.

2. The method of claim 1 wherein the degree of alignment
for each of the multiple generators ditfers by only from about
+(.1° to about £1.0° from the degree of alignment of the other
multiple generators.

3. The method of claim 1 wherein the generators are part of
the gas turbine engine.

4. The method of claim 3 wherein the generators are syn-
chronized during assembly of the gas turbine engine.

5. The method of claim 1 wherein at least two generators
are synchronized.

6. The method of claim 1 wherein six generators are syn-
chronized.

7. A method of synchronizing a plurality of generators
coupled to a main shaft of a gas turbine engine, the method
comprising the steps of:

positioning a pilot feature of a shaft of a first generator of

the plurality of generators, the pilot feature positioned at
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a first angular position that 1s substantially aligned with
a first predetermined reference point, the shatt of the first
generator configured to rotate 1n a first direction about an
axis and the first predetermined reference point located
at a predetermined angular position relative to the axis;

locking the shaift of the first generator at the first angular
position;

aligning a pilot feature of a first shaft ol a second generator
of the plurality of generators with a second angular
position that 1s substantially aligned with a second pre-
determined reference point, the first shait of the second
generator configured to rotate 1n the first direction about
an axis, the second predetermined reference point
located at a position relative to the axis that 1s substan-
tially equal to the predetermined angular position;

calculating an angular difference between the first angular
position and the second angular position, when the pilot
feature of the first shatt of the second generator 1s not 1n
exact alignment with the second predetermined refer-
ence point; and

rotating a second shaft splined with the first shait of the

second generator of the plurality of generators about the
axis 1n a second direction opposite of the first direction,
based on the calculated angular difference.

8. The method of claim 7, wherein the step of rotating
turther comprises rotating a gear mounted to the second shaft
about the axis in a second direction opposite of the first
direction, based on the calculated angular difference.

9. The method of claim 8, wherein the gear mounted to the
second shaft of the second generator comprises a helical gear
and the method further comprises moving the gear axially
relative to the first shait of the second generator.

10. The method of claim 9, wherein the step of moving the
gear axially comprises adding a shim between the first shait of
the second generator and the second shaft of the second
generator.

11. The method of claim 8, wherein the first shaft of the
second generator has a plurality of teeth extending radially
therefrom, and the second shaift of the second generator has a
plurality of teeth extending radially therefrom, and the
method further comprises:

determining a first angular increment of rotation of the first

shaft of the second generator, wherein the first angular
increment represents a degree of change when a {first
tooth of the plurality of teeth extending radially from the
first shaft was moved to a position of an adjacent, second

tooth of the plurality of teeth extending radially from the
first shaftt;:

determining a second angular increment of rotation of the
second shaft of the second generator of the plurality of
generators, wherein the second angular increment rep-
resents a degree of change when a first tooth of the
plurality of teeth extending radially from the second
shaft was moved to a position of an adjacent, second
tooth of the plurality of teeth extending radially from the
second shaft;
determining a difference between the first angular incre-
ment and the second angular increment;
comparing the determined difference with the angular dif-
ference to calculate an angular distance value; and
using the angular distance value to determine a number of
teeth by which to move the second shatt of the second
generator.
12. The method of claim 11, wherein the plurality of teeth
extending radially from the second shaft extend from a gear
mounted to the second shaft and the step of rotating further
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comprises rotating the gear about the axis 1n the second direc-
tion opposite of the first direction, based 1n part, on the deter-
mined number of teeth.

13. The method of claim 7, further comprising the step of
repeating the steps of aligning, calculating, and rotating for a
shaft of a third generator of the plurality of generators.

14. The method of claim 7, wherein the step of positioning
comprises dividing 360° by a number of teeth extending
radially from the first shait of the first generator and the step
of aligning comprises dividing 360° by a number of teeth
extending radially from the first shaft the second generator.

15. The method of claim 7, further comprising the step of
locking the first and the second shaifts of the second generator
into position atter the step of rotating.

16. A method of synchromizing a plurality of generators
coupled to a main shait of a gas turbine engine, the method
comprising the steps of:

positioning a pilot feature of a shaft of a first generator of

the plurality of generators at a first angular position that
1s substantially aligned with a first predetermined refer-
ence point, the shait of the first generator configured to
rotate 1n a first direction about an axis and the first
predetermined reference point located at a predeter-
mined angular position relative to the axis;

locking the shait of the first generator at the first angular

position;
aligning a pilot feature of a first shaft of a second generator
of the plurality of generators with a second angular
position that 1s substantially aligned with a second pre-
determined reference point, the first shaft of the second
generator configured to rotate 1n the first direction about
an axis, the second predetermined reference point
located at a position relative to the axis that 1s substan-
tially equal to the predetermined angular position;

calculating an angular difference between the first angular
position and the second angular position, when the pilot
feature of the first shait of the second generator 1s not 1n
exact alignment with the second predetermined refer-
ence point;

determiming a first angular increment of rotation of the first

shaft of the second generator, wherein the first angular
increment represents a degree of change when a first
tooth of the plurality of teeth extending radially from the
first shait was moved to a position of an adjacent second
tooth of the plurality of teeth extending radially from the
first shatft;

determining a second angular increment of rotation of a

second shaft that 1s splined with the first shait of the
second generator, wherein the second angular increment
represents a degree of change when a first tooth of the
plurality of teeth extending radially from the second
shaft was moved to a position of an adjacent second
tooth of the plurality of teeth extending radially from the
second shaft;

determiming a difference between the first angular incre-

ment and the second angular increment;

comparing the determined difference with the angular dif-

ference to calculate an angular distance value;

using the angular distance value to determine a number of

teeth by which to move the second shatt of the second
generator; and

rotating the second shaft about the axis 1n a second direc-

tion opposite of the first direction, based 1n part, on the
calculated angular difference.

17. The method of claim 16, wherein the plurality of teeth
extending radially from the second shaft extend from a gear
mounted to the second shaft and the step of rotating further
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comprises rotating the gear about the axis 1n a second direc- 19. The method of claim 16, wherein the gear mounted to
tion opposite of the first direction, based in part, on the deter- the second shaft of the second generator comprises a helical
mined number of teeth. gear and the method further comprises moving the gear axi-

18. The method of claim 16, further comprising the step of ally relative to the first shait of the second generator.
repeating the steps of aligning, calculating, and rotating fora 53
shaft of a third generator of the plurality of generators. I I
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